Two major classes of pyruvate kinase are known to exist. Members of one class (type L) are typified by their activation by fructose 1,6-diphosphate, whereas those in the other class (type M) are not activated by this ligand (Kachmar & Boyer, 1953; Tanaka et al., 1967; Haeckel et al., 1968). The enzyme from the hepatopancreas of Carcinus maenas (the common shore crab) is a type-L enzyme. It shows a sigmoidal response to phosphoenolpyruvate concentration, which is transformed into normal hyperbolic saturation kinetics in the presence of fructose 1,6-diphosphate. This communication reports the results of a kinetic analysis of the interactions of ADP, phosphoenolpyruvate, ATP and pyruvate with the fully fructose 1,6-diphosphate-activated pyruvate kinase from C. maenas in the presence of a constant free Mg2+ concentration.
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The enzyme from C. maenas hepatopancreas was purified to a specific activity of 160 enzyme units/mg of protein, and on polyacrylamide-gel electrophoresis, a single protein band was found, coincident with enzymic activity. In the kinetic analysis, the enzyme was converted into the fully activated form by adding a saturating concentration (500pm) of fructose 1,6-diphosphate.
In the initial-rate and ATP-inhibition experiments, the enzyme was assayed by using a lactate dehydrogenase-linked assay based on that of Bucher & Meiderer (1955) . The buffer employed was 25m~-Tris-HC1, pH7.4, and, to maintain a constant [Mg;rze], the Mg2+ buffer dipotassium glycerol 1-phosphate (Boyer, 1969) was used. This salt ( 5 0 m~) served both as the source of K+ (100mM) and, in the presence of sufficient MgS04 (24.7m~), maintained the [ M d f ] constant at 8 m~. In these conditions, 99 and 92 % of the ATP and ADP respectively were present as the magnesium chelate forms of the nucleotides. The direct spectrophotometric assay of Pon & Bondar (1967) was used in the pyruvate-inhibition experiments. The reaction mixture was the same as that for initial rates except that NADH and lactate dehydrogenase were omitted. In all cases the reaction mixture was allowed to equilibrate to 25°C before initiation of the reaction by addition of enzyme. The change in absorbance either at 340nm (linked assay) or at 230nm (direct assay) was measured with a Perkin-Elmer 356 spectrophotometer. Solutions of the substrates and products were prepared daily and were assayed before use by standard enzymic means. In addition, they were assayed for cross-contamination. This indicated that the ATP contained up to 0.6% ADP, the presence of which was allowed for in the ATP-inhibition studies.
The data obtained were analysed by the hyperbolic least-squares method of Wilkinson (1961) after a graphical check that the double-reciprocal plots (of reaction rate against substrate concentration) were linear. The secondary slopes and intercepts from this analysis, togetherwith theirstandarderrors, were fitted as linear functions of the relevant variable by weighted linear regression. Finally, the complete set of data was fitted to the appropriate rate equation (either for a sequential Bi, competitive or non-competitive inhibition), by using programs based on the method of Cleland (1967) The direct spectrophotometric assay was used with the conditions given in the text.
The concentrations of phosphoenolpyruvate and Mg?*:= were 2.32 and 8.0mM, and those of pyruvate were :o, OmM; .,4.67m~. v is expressed as pmol of phosphoenolpyruvate removed/min per 'enzyme unit'. The 'enzyme unit' is that enzyme activity measured with concentrations of phosphoenolpyruvate, ADP and fructose 1 ,ddiphosphate of 800,500 and MOpm respectively.
The initial-rate studies, with either ADP or phosphoenolpyruvate as the variable substrate, yielded a family of lines that intersect above the abscissa in a doublereciprocal plot. This is indicative of a sequential mechanism. The values of the Michaelis constants obtained for phosphoenolpyruvate and ADP were 21 and 6 6 p~ respectively. Product-inhibition studies, in the presence of a non-saturation concentration of the fixed substrate, gave the inhibition patterns indicated in Table 1 . The competitive inhibition between either product and phosphoenolpyruvate indicates that there is a random release of the products from the enzyme. The linearity of all the double-reciprocal plots suggests that the enzyme, enzyme-product and enzymesubstrate complexes are in equilibrium with each other. All four product-inhibition patterns are consistent with such a rapid-equilibrium random mechanism if two dead-end complexes, namely enzyme-ADP-ATP and enzyme-ADP-pyruvate, are formed. The rate equation for this mechanism predicts that at a saturating concenVOl. 3 tration of the fixed substrate phosphoenolpyruvate, neither ATP nor pyruvate will inhibit the enzyme. Fig. 1 shows that, in the presence of a saturating concentration of phosphoenolpyruvate (109x K,,,) , addition of pyruvate had no effect on the initial rate measured.
The competition between pyruvate and phosphoenolpyruvate, shown in Fig. 1 , suggests that pyruvate forms the dead-end complex by binding instead of phosphoenolpyruvate to the enzyme-ADP binary complex. It can be envisaged that the enzyme-ATP-ADP complex forms in a similar fashion, with the ATP binding at, or near, the phosphoenolpyruvate site. The complexes enzyme-ADP-ADP (Johnson & Cleland, 1974) and enzyme-ATP-ATP (Giles et al., 1975) have been demonstrated for the rabbit muscle enzyme, where substrate inhibition is seen at high adenine nucleotide concentrations. In both cases, the inhibition caused by binding the second nucleotide molecule is reversed on saturating with the non-nucleotide substrate (phosphoenolpyruvate or pyruvate respectively). This suggests that the inhibitory binding site involves the binding site of the non-nucleotide substrate.
Calculation of the true dissociation constants, assuming this proposed mechanism to be correct, gives values of 0.38 and 0 . 2 4 m~ for the dissociation of pyruvate and ATP from their respective binary complexes, and 0.33 and 1 . l m~ for the dissociation of pyruvate and ATP from their respective dead-end complexes. Allowing for experimental error, these values suggest that the binding of pyruvate is not affected by the presence of ADP on the enzyme. The value of the dissociation constant of ATP from the enzyme is very close to that calculated from the initial-rate data for the dissociation of ADP (0.18m~), suggesting that the nucleotide-binding site has a comparable affinity for either ADP or ATP. The larger value for the dissociation constant of ATP from its dead-end complex, however, indicates that this ATP-binding site has a somewhat lower affinity for the nucleotide. This would be expected if the site involved is primarily that for the non-nucleotide substrate.
It appears that the reaction mechanism of the allosteric C. maenas enzyme is similar to that of the non-allosteric rabbit muscle enzyme (Reynard et al., 1961 ; Ainsworth & MacFarlane, 1973; Giles et al., 1975) but not the allosteric yeast (MacFarlane & Ainsworth, 1972) or pig liver (MacFarlane & Ainsworth, 1974) enzymes. A kinetic analysis of the reverse reaction, coupled to a study of the isotopic exchange rates at equilibrium, should provide additional information regarding the enzyme-substrate and enzymeproduct complexes formed, and hence the kinetic mechanism of the C. maenas enzyme.
